The importance of superfoods has been well recognized in connection with health promotion, disease risk reduction, and reduction in health care costs. Fish processing generates large quantities of the by-products which are usually discarded. However, these by-products contain nutritious protein and ω-3 rich oils. Isoelectric solubilization/precipitation (ISP) is a relatively new method that can be used to recover fish protein isolate (FPI) from fish processing by-products or other low-value meat materials. FPI can be used as a main ingredient in the development of superfoods with functional ingredients such as ω-3 rich oils, dietary fiber, and salt substitute. These functional ingredients have demonstrated health benefits especially for cardiovascular disease. Therefore, this book chapter focuses on the development of superfoods from ISP-recovered FPI by incorporating such ingredients as ω-3 oil, dietary fiber, and salt substitute.
Introduction
Consumers' increasingly awareness and demand for healthful foods has hit a global status, thus, requiring appropriate and timely response from stakeholders in the food processing field. Beyond the nutritional values from food intake, consumers are looking for food products that would doubly provide them with health benefits. Among other factors, higher health care cost, recent developments in scientific discoveries linking dietary habits with many diseases can be attributed to this increasing demand for functional foods by consumers [1] .
Market trend in functional foods and superfoods is soaring and projections show exponential increase in demands in the future.
Colloquially, superfoods have been described as foods that are appealing and are able to deliver more calories per bite [2] . Superfoods have indigenously been referred to as functional foods [3] , even now, there is still a thin line separating the two definitions. Several phrases have been used to define functional foods and these definitions vary accordingly, from continent to continent. For instance, in Europe, "a food product can only be considered functional if together with the basic nutritional impact it has beneficial effects on one or more functions of the human organism thus either improving the general and physical conditions or/and decreasing the risk of the evolution of diseases" [4] . Conversely, in the US, functional food is defined as "food or food ingredient that may provide a health benefit beyond the traditional nutrients it contains [5] . According to Siró et al. [4] , this is not a legal definition and the US has not defined functional foods for regulatory purposes. Tahergorabi et al. [6] gave a comprehensive description of what functional food should possess. They characterized functional foods as modified compositions and/or processing conditions to prevent or limit the presence of certain potentially harmful components to human health, and/or inclusion of certain desirable substances, present either naturally or added, with proven health benefits. The fundamental implication from this pool of definitions is that, functional foods have characteristic properties, which in addition to their nutritive qualities, provide health benefits when consumed. The many purported health benefits associated with superfoods/functional foods can be attributed to compounds found in these foods [1] . Bioactive compounds found in both plants and animals are responsible for the many health claims of superfoods and functional foods.
In commercial fish processing, about 60-70% of the live fish weight are probably discarded as processing by-products with just a little percentage being marketed as fillet [7] . Fish processing by-products are the remainder of the fish after processing that are not considered as fitting for human consumption, and it includes the frames, heads, skins, bones, scales, visceral from the fish. They are sometimes used in animal feeds and fertilizers, or ultimately at land filled sites. These "neglected" fish parts present opportunity to recover useful macromolecules that would have otherwise been discarded. Fish processing by-products are good sources of protein and Fat. They contain bioactive compounds such as proteins, peptides, amino acids [8] and fatty acids. Peptides are produced from hydrolysis of protein. Peptides are known to have antioxidative, antihypertensive and antithrombotic effects [9] . Fish oils produced from marine fish such as salmon, cod, and sardine which are the common sources of omega-3 polyunsaturated fatty acid (ω-3 PUFA). It is known that, ω-3 PUFA oil and the proteins are the bioactive compound that gives fish its "superfood" status [6] . The main ω-3 PUFAs found in aquatic animals are eicosapentaenoic acid (EPA, 20:5 ω3), and docosahexaenoic acid (DHA, 22:6 ω3), while linoleic acid (La, 18:2 ω6) and arachidonic acid (AA, 20:4 ω6) are the main ω-6 PUFA in aquatic animals [10] . US Food and Drug Administration (FDA) as well as, the European Food Safety Authority approved a health claim for reduced risk of cardiovascular diseases (CVDs), and if so, sudden death [11] for foods containing omeg-3 PUFAS, especially EPA and DHA. EPA and DHA are known to have antioxidant properties [12] .
Recovery of proteins from fish processing by-products
There are several methods for recovering protein from fish. The method of recovery affects the quality of the protein and oil, and their functionality. Fish protein isolates (FPI), fish protein hydrolysates (FPH), and surimi among others are resulting products of the various methods used in the recovery process. FPH can be produced by breaking down of the peptide bonds of the fish protein using proteolytic enzymes [13] , as well as chemical methods. FPH has been used in developing many products with functional properties. For instance, the resulting protein concentrate can be dried to form a stabilized product, fish protein powder (FPP) [14] . Formulations and ready-to eat foods have been developed from FPP. However, the cost of production of FPP has placed a limit on its use [14] . Additionally, one grievous concerned about foods developed from FPH is off flavor and bitter taste associated with these foods [10, 12] .
Surimi (Figure 1 ) is a concentrate of myofibrillar protein from minced fish flesh that has been deboned mechanically, and washed. It has been a long principal food ingredient in Japan diets, and has now become an integral part of many other countries diet [15, 16] . However, surimi manufacturing cannot be applied to fish processing by-products. If used, the resultant protein will have poor texture, off-odor and off-color [17] . Novel extractive technology which uses pH at basic and acidic ranges to solubilize and precipitate the protein is currently been used and it is patented [18] .
Protein recovery using pH-shift also known as isoelectric solubilization/precipitation (ISP) has recently been used in developing fish protein products. ISP processing allows selective and efficient recovery of nutritious protein muscles, separation of lipids and removal of materials that are not intended for human consumption such as bone, scales, skin, etc. [19] . FPIs have been recovered using ISP both in a batch mode at the laboratory scale [20, 21] and on pilot scale [22] . ISP has also recently been used to recover protein muscle from chicken meat [6] . FPI is a concentrated fish protein that contains 90% of the dry material as protein content. FPI has constantly being used in literature to mean muscle protein that has been recovered with protein shift (ISP). It is uncooked and definitely not eaten in its form but like FPP can be used in formulation of many food products. The overall process of fish muscle recovery using ISP involves solubilization and precipitation using a pH known as Isoelectric point (pI).
The pI is specific and differs from protein to protein, and isoelectric focusing is often done to identify the pI. At this pH, the protein ions exist in equilibrium, that is they have zero net charge and are called zwitterions. The protein side chain can assume different electrostatic charges depending on the condition it is subjected to. This comes to suggest that, change in environment of the fish protein affects its solubility. That is, fish muscle solubility can be "turned" on or "turned" off depending on the surrounding environment that they are placed in. Addition of an acid to a solution leads to the dissociation of the acid producing hydronium (
. At this low pH, the negatively charged side chains on glutamyl or aspartyl receive the hydronium and becomes protonated. This makes the solution more positively charged. When a base is added, it as well dissociates giving off hydroxide ion ( − OH). The side chains on tyrosyl, tryptophanyl, cysteinyl, lysyl, argininyl or histidinyl residues become deprotonated by giving off its hydrogen ion. This makes the surface of the solution more negatively charged. This has been attributed to the solubilization of fish muscle protein during protonation of glutamyl and aspartyl (pKa = 3.8 and 4.2 respectively) residue at acidic pH and the subsequent deprotonation of tyrosyl, tryptophanyl, and cysteinyl, (pKa = 9.5-10.5, 9.1-10.8, and 9.1-10.8, respectively) residue at basic pH. When equilibrium is reached, and protein solution attains homeostasis, the final status of a protein surface electrostatic charge at a given pH is referred to as the net charge. The accumulation of net positive or negative charge encourages protein-protein electrostatic repulsion and increased hydrodynamic volume due to expansion and swelling [23] . Protein-protein hydrophobic interaction decreases as the protein-water interaction increases. As a result of protein becoming more polar, the protein surface become surrounded with water, making it water soluble. It is however, likely to adjust the pH of a protein solution so that the number of negative charges and positive charges balances, and hence, the protein molecule assumes a net zero electrostatic charge.
The above description forms the theoretical substance for isoelectric solubilization/precipitation (ISP) that allows mechanistic understanding of pH-induced protein solubility and precipitation. The ability to recover a protein from any animal sources including fish is generally dependent on the knowledge of its pI. The initial ISP recovery process, encompasses homogenization of the fish to release the protein from the muscles and subsequent solubilization and precipitation using a pH known as Isoelectric point (PI). The homogenate is transferred into a beaker and the pH is adjusted to 11.50 ± 0.05 with 10 and 1 N NaOH. Solubilization of the protein occurs at a basic pH of 11.50 and it is then followed by centrifugation, resulting in three layers; top deposit of fish oil, middle layer of fish muscle protein solution, and bottom deposit of insoluble (bones, skin, scale, insoluble protein, membrane lipids, etc.). The middle fish protein layer is collected and pH adjusted to 5.5 ± 0.05 with 10 and 1 N HCl to allow the protein to precipitate. It is centrifuged into two layers: top, process water; bottom layer, precipitate-fish protein isolate. The summarized process is presented in Figure 2 .
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Nutritional properties of recovered proteins by isoelectric solubilization/precipitation
Isoelectric solubilization/precipitation allows efficient and selective recovery of fish proteins and oil without changing the nutritional and functional value of the food products [19] . Evidentially, this process of recovering protein and fats does not affect the composition of ω-3 or ω-6 PUFA, and consequently, the ω-3/ω-6 ratio [24] . Also, the fatty acid composition of the fish is not altered after it has been recovered with ISP at both basic and acidic pH, as it remains fairly the same as in the starting fish [25] . The other known processes and conditions, unlike ISP, involves heating which affect protein degradation as well as endogenous antioxidants and fatty acids [26] . Hence, protein recovered by ISP significantly reduces protein degradation and fat oxidation. Flow diagram for fish protein isolate recovery using isoelectric solubilization/precipitation. Reproduced from Tahergorabi et al. [40] .
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Krill, salmon and fish processing by-products, have significant portion of their DHA and EPA bound to phospholipids (PLs), as well as triglycerides. Unlike triglycerides, the extraction of PLs from marine products still remains a challenge. The polar head and non-polar tail (amphipathic nature) of PLs from fish does not allow their efficient recovery [27] . Notwithstanding, ISP has successfully been used to enhance the recovery triglycerides that have no electrical polarity [19] .
Protein recovery yield with ISP ranges from 42 to 90%, as it has been reported in literature [18, 23] . Protein nutritional quality is assessed by the presence of all the nine essential amino acids (EAAs), its digestibility and bioavailability. Protein recovered by ISP at basic pH was assessed and found to possess greater content of EAAs including lysine and threonine [28] , making it a higher nutritional quality than ISP at acidic pH [27] . Proteins recovered by ISP have higher content of EAAs and non-Essential amino acids, and they also have higher ratio of total EAAs: total amino acid [29] . Protein bioavailability (BV) is an extension of digestibility, and it is defined as the amount of protein than can be assimilated and used in supporting the needs of the human body. Egg protein is the commonly used reference protein as it has BV of 100%. Milk, beef, fish, corn, and rice proteins have BV of 93, 75, 75, 72, and 59%, respectively [6] . Relatively, FPIs recovered with ISP have BV higher than soybean concentrate and it is equal to milk protein (BV is 93%) [30] .
ISP treatment at both basic and acidic pH efficiently reduces the content of minerals such as Ca, P and Mg from recovered proteins without getting rid of the exoskeleton before processing [24, 25] . These minerals remain in the insoluble fraction after ISP, and can be used in preparing animal feed.
Assessment of impact of ω-3 PUFA incorporation on fish-based protein for superfoods
Humans are not able to insert double bonds in fatty acids molecules in positions closer than the 7th carbon bond from the methyl group because they do not have the necessary enzymes [31, 32] . Fish can be classified based on whether it stores its lipid in the liver or in the flesh. The former and latter groups of fish are known as lean fish (e.g. Cod fish) and fatty fish (e.g., Mackerel, tuna, salmon), respectively [33] . The amount of oil varies among fish in the same class. Fatty fish have comparatively higher amount of DHA and EPA oils than lean fish. ω-3 PUFAs are made up of long chains of carbon atoms with a methyl group at one and an acid group at the other end. They can be classified as saturated, as with no double carbon-carbon bonds, or unsaturated, that is with at least one double carbon-carbon bond. The position of the first double carbon-carbon bond from the methyl group end of an unsaturated fatty acid determines whether the saturated fatty acid would be called ω-3 or ω-6. ω-6 fatty acids, thus, the first double carbon-carbon bond is six carbon atoms away from the methyl group of the fatty acid chain. Similarly, ω-3 PUFA has the first double carbon-carbon bond three carbon atoms away from the methyl end. ω-3 PUFAS contains two healthy oils namely; EPA and DHA [34] . The third form ω-3 PUFA, ALA (α-linolenic acid) is predominantly obtained from plants sources such as leafy vegetables, flaxseeds, walnuts. ALA can be converted to long chain EPA and DHA [35] but synthesis of EPA and DHA from ALA is characterized by low amounts. Gender factor also affects conversion capacity of ALA to EPA and DHA. Women are able to synthesize more EPA and DHA from ALA because of estrogen effects as compared to men [10] . EPA and DHA can help in the protection against cardiovascular diseases (CVD) [36] .
The western diet is typified by high amount of ω-6 PUFA, and trans-fatty acids dietary intake as well as decreased intake of ω-3 PUFA. A disproportionate ratio of ω-6 to ω-3 is at 15-20 to 1 as against the recommended 1 to 1 [37] [38] [39] . The current trend is to take dietary ω-3 PUFA supplement in the form of pill or capsule to make up for the large gap. Fish is not only known to provide a good source of protein (18-25% protein) but most varieties of fish are also low in cholesterol (15-25% mg/100 g), making fish highly suitable source of ω-3 PUFAs [12] . There is therefore, a logical justification for the fortification of fish-based protein to increase the content of dietary ω-3 fatty acid.
ω-3 PUFAs content in fish-based superfoods fortified with ω-3 PUFAs rich oil
Fat contents of FPI recovered with ISP are woefully low, usually below 2/100 g ("as-is" basis), and with this, meeting the recommended dietary intake of ω-3 PUFAs will be difficult. Tahergorabi et al. [40] examined the impact of fortification of FPI gels recovered with ISP using ω-3 PUFAs-rich oils. The oils were obtained from both plant and animals sources including flaxseed, fish, algae, krill, or their blend (Flaxseed, algae: fish, 8:1:1). These oils are good sources of ω-3 PUFAs, and hence their selection [41, 42] . The pastes were formulated with 10/100 g of ω-3 PUFAs-rich oils before cooking to form gels. The fortification increased (P > 0.05) the total content of ω-3 PUFAs (34-51%) of the gels, higher than gels that were not fortified (20%). The highest (P > 0.05) ω-3 PUFAs content was in gels fortified with flaxseed (51%), followed by blend (49%), krill (46%), and fish oil (34%). The EPA, DHA, ALA contents increment was characterized by variations in the fatty acid (FA) in total fatty acids. Krill and fish oil-fortified gels resulted in the greatest (P > 0.05) content of EPA (24 and 16%, respectively), with other fortified gels containing less than 3% of EPA. Results obtained from krill and fish oil are promising because, both oils are very good sources of EPA and DHA whereas algal oils contain DHA as their main ω-3 PUFA [43] .
The differences in FA compositions of the gels resultantly affect the ratios of ω-6/ω-3 and unsaturated/saturated FAs (UFAs/SFAs). The lowest ω-6/ω-3 FAs ratio was seen in gels fortified with algae, krill, and fish oils (0.07, 0.11, and 0.12, respectively), followed by gels with added blend and flaxseed oil (0.29 and 0.32, respectively). The highest (P < 0.05) ratio of ω-6/ω-3 FA was seen in gels fortified with flaxseed and blend due to the high content of LA (linolenic acid) in flaxseed as compared to much lower LA content in the other oils. Despite the recorded highest ratio of ω-6/ω-3 with flaxseed oil, it is still much lower than the recommended 1/1 ratio [44] . It is still yet better to consume fish protein isolates fortified with any of the five oil types used in the present study, more advisably those fortified with flaxseed oil. This would help lessen the gap between ω-6 and ω-3 PUFAs in Western diets. On the other hand, gels fortified with flaxseed and blend showed the highest (P < 0.05) UFAs/SFAs ratio, 8.0 and 6.1 respectively; and the lowest (P < 0.05) ratio was recorded for fortification with krill, algae, and fish oils, 3.8, 3.5, and 2.3, respectively. Although the latter three oils resulted in lower UFAs/SFAs ratios in the gels, they still contained 2-4 times as much UFAs as SFAs.
Color properties of fish-based superfoods fortified with ω-3 PUFAs rich oils
The assessment of physicochemical properties of a new developed protein product is necessary for consumer acceptability. Consumers are tuned to certain original physical and chemical properties of proteins and are likely to reject products that do not meet their requirements.
In the same vain, consumers may reject a product irrespective of its quality, if it does not appeal to their senses. Maintaining high sensory attributes has been one of the challenges confronting the development of functional and superfoods. Color as an attribute of fish and fish products is a strong determinant of consumers' acceptability. In as much as FPI recovered with ISP possess quality characteristic properties, its esthetic appearance has been a rough edge that needs to sharpened.
Whiteness of color in sea-foods is a desirable attribute and variable when it comes to quality assessment of such foods. In spite of the many touted qualities of protein and oil recovered by ISP, heat set gels made from fish protein isolate develop poor color due to dark pigments that are extracted and recovered with the proteins [45] . These dark pigment results in high yellowness (b*), thus, lowering the whiteness of the heat set gel. Numerous research studies have been geared towards improving the whitening attribute of heat set gels developed from proteins. Titanium dioxide (TiO 2 ) is a well-known whitening agent used in the cosmetic and food industry. Titanium dioxide has been used to improve the color attribute of gels developed from proteins recovered by ISP, in fish [46] and chicken proteins [47] . It does so by blocking/scattering light and giving white appearance [48] . Gels that have been treated with TiO 2 have color attribute improved beyond that of products that are not treated. Incorporation of ω-3 fatty acid into heat set gels developed from FPI have yielded positive results, improving color attributes. This discovery simply implies that, fortifying FPI with ω-3 PUFAs contributes to color improvement without having to add TiO 2 . Fish protein isolate pastes were fortified with different types of ω-3 PUFAs oils, and gels subsequently were prepared [49] . The quest was to improve the color, whilst concurrently improving their nutrition and texture. The same observation was made by Pérez-Mateos et al. [50] when they fortified surimi with ω-3 from three different sources. Usually, vegetable oils are used in surimi-based products for color improvement [51] . Oils addition to products proportionally increase their lightness (L*) because of light scattering, thus, improving whiteness [50] . In measuring the whiteness of gel, values for the CIE (commission international d'Eclairage of France) color system using L*, a* (redness), and b* tristimulus color are determined and used to calculate the whiteness of the gel. Gel whiteness is calculated by the following equation [52] . The color of the gels was generally improved after it was formulated with ω-3 PUFAs oils.
Texture properties of fish-based superfoods fortified with ω-3 PUFAs rich oils
The texture of fish and fish product is a salient physicochemical property that determines the quality of fish and fish products. Texture measures the mechanical properties in the form hardness/firmness, resilience, cohesiveness, springiness, adhesiveness, and viscosity by vision, hearing, somesthesis, and kinesthesis of human sense [53] . Torsion test, Kramer shear test, and texture profile analysis (TPA) test are three possible methods that can be used to determine texture. Torsion test is the basic test due to its objectivity in measuring mechanical properties of protein-based gels [54] . Critical quality parameters for restructured gelled products are gel strength and cohesiveness. Cohesiveness as defined as "the extent to which a material can be deformed before it ruptures" and hardness as the force necessary to attain a given deformation" [55] . Trout protein gel fortified with or without ω-3 PUFAs oils were compared. Heat-set gels were fortified with flaxseed, fish, and algae oil and texture of the gels were measured using texture profile analysis (TPA) [49] . There was a general improvement in gel texture, particularly with algae oil. These results indicate the possibility of developing superfood products from ISP recovered FPI with acceptable texture properties using ω-3 PUFAs oils.
Role of salt substitute and ω-3 PUFAs rich oil in fish-based superfoods
Dietary sodium chloride has been a major component of many food products. The major mineral, sodium, has been correlated with hypertension and many cardiovascular diseases. In spite of this revelation of adverse effect of consuming this sodium related salt on triggering CVDs, it still remains a major dietary component in diets because of its undeniable taste. Therefore, during food processing, the sodium can be reduced or replaced to reduce salt-related CVDs. Salt substitute (potassium) is currently being exploited as a potential substitute for sodium in diets as it provides a non-pharmacological approach in lowering blood pressure. Potassium, unlike sodium has antihypertensive properties and are much higher recommended maximum intake level than sodium (sodium-2300 mg/day, potassium-4700 mg/day) [56] .
Potassium Chloride-based salt substitute was used to extract myofibrillar proteins to obtain fish protein paste, a procedure described by Jaczynski and Park [57] . The fish protein paste was then chopped at low speed for 5 min in a universal food processor. The level of the salt substitute was found to be optimal and similar to salt (NaCl) in terms of texture and a color development likewise the protein gelation and reduction of water activity in heat-set fish protein gels [49] . The salt substitute contained 68/100 g of KCl and L-lysine mono-hydrochloride and calcium stearate. The resulting concentration of fish protein isolate is equivalent to 20 g of NaCl per 1000 g batch. It was then fortified with different ω-3 PUFAs oils and the fish protein heat-set gels were subsequently prepared. Gels made with salt substitute with different ω-3 PUFAs oil were analyzed for their sodium and potassium content. Sodium content was reduced with concurrent increase in potassium content in the gel.
Physicochemical properties of fish-based superfoods fortified with dietary fiber
The European community defined dietary fiber as a carbohydrate polymer with three or more monomeric units, which are neither digested nor absorbed in the human intestine and according to the American Association of Cereal Chemists (AACC) defined it as an edible part of plants or analogous carbohydrates, that are resistant to digestion and absorption in the human small intestine and can be partially or completely fermented by bacteria. Oligosaccharides, polysaccharides, lignin, and other plant sources provide fiber. Dietary fiber intake protects individuals against CVDs, diabetes, hypertension, obesity, stroke and certain gastrointestinal diseases [58, 59] . The health benefits of dietary fiber have been made to be understood by many countries, and they have developed guidelines, and have also allowed for fortification of food products with dietary fiber. The fortification of food with dietary fiber has been imperative, and has been encouraged, because most diets in the western countries are deficient in dietary fiber. Daily dietary recommendation for most European countries and for countries like Australia, and the New Zealand and the USA are in the order 30-35 g for men and 25-32 g for women [60] . The Dietary Guidelines Advisory committee (2010), find out that the average intake among Americans is only 15 g. The same can be said about other countries, as having low average intake of dietary fiber. Additionally, dietary fiber possesses gelling characteristics that have technological implications in food manufacturing and final food product. Dietary fiber has wide range of functionalities such as gel-forming abilities, cryoprotectant, thickener and stabilizer [61] . Cellulose is a polymer of linear glucose monomer (β 1-4 linkage) chain and it is the commonly used dietary fiber in food fortification. It is added in foods in powdered form. Powered cellulose is used in food fortification, and it has been used in baked goods as non-caloric bulk agent. Long chain-chain cellulose (> 110 μm), due to their porous nature, retains more water and oil than short chain fibers.
Naturally, the addition of dietary fiber to fish protein (surimi) is not common, and thus, limited literature report on it. Notwithstanding, soluble fibers such as carrageen, chicory root insulin, garrofin, guar, and xanthan have previously been added to surimi [62, 63] . The use of these soluble fibers resulted in loss of gel elasticity and strength coupled with gel hardening, and increase in brittleness of surimi protein [64] . This is not the case of surimi fortified with powdered cellulose as they tend to improve thermal gelation of surimi proteins [65] . In the fortification of surimi with powdered cellulose powder, the protein concentration and moisture content were maintained constant but variable concentrations of insoluble fiber, and silicon dioxide (SiO 2 ) were added to the surimi paste as an inert filler [66] . Insoluble fiber and SiO 2 were then added to the surimi pastes to a final total concentration of 8/100 g. The ingredients were chopped to ensure thorough mixing. The resulting pastes were subjected to texture analysis, color analysis, etc. Textural properties (shear stress and strain) of surimi fortified with 2, 4, and 6 g/100 fiber had greater (P > 0.05) gel strength than those that were not treated with fiber [66] . The color of the surimi fortified with fiber showed good color properties including slight whitening effect except for 8/100 g of fiber fortification. As demonstrated by differential scanning calorimetry, added fiber did not interfere with the thermal transitions of surimi myosin and actin.
Powdered cellulose is an obvious choice for fortification of surimi with dietary fiber because of its bland flavor and whiteness, as these characteristics do not alter the color and flavor of surimi. They do not interfere with the natural characteristics of the products that are fortified.
They instead added whiteness to the color of the surimi product.
Conclusions
Superfoods/functional foods can be developed from seafoods including fish protein (ISP) isolate and surimi recovered with isoelectric/precipitation (ISP) with acceptable sensory and nutritional qualities. Fish protein isolates recovered with ISP can serve as a vehicle not just for improving dietary content of ω-3 PUFAs, but the fortification with several useful ingredients. The overall ω-3 PUFAs oil content in fish can be improved by incorporating ω-3 PUFAs oil into the fish, improve the color, texture, rheology of the fish product. It also allows the use of salt substitute to increase the potassium content of the fish whiles reducing sodium content. Interestingly, ISP can be used to recover proteins from different sources including food processing-by products which otherwise would have been difficult to recover using conventional methods. Surimi can be prepared using the conventional water-process, as well as using ISP. It is possible to fortify surimi products with dietary fiber and obtain good color and textural properties. The benefits of recovering fish proteins are numerous, they are reported to contribute to ash content of the product, and thus, fluoride content of the products [43] .
